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DETAILED DESCRIPTION OF THE INVENTION 

FIG. 1 shows an embodiment of a sealing apparatus according to the present 
invention. The difference between the embodiment shown in FIG. 1 and a 
conventional apparatus is that a disc spring is provided between a lid body 4 and a bolt 
3 in the embodiment. As seen in a curve A in FIG. 2 showing the loading 
characteristics of the disc spring, the inner and outer diameter of the ring of the disc 
spring and the thickness of the disc spring is designed such that an effective flexible 
volume S 1 from the minimum tightening force FO to an initial tightening force Fl is 
larger than the thickness of a thin film 5a of the soft metal sealing member 5 
immediately after the initial fastening of the bolt 3 and the rate of the spring is 
substantially constant. 

In accordance with the above construction, even when the thickness of the thin 
film 5a of the soft metal sealing member 5 decreases to approximately 0 by plastic 
deformation after the initial fastening of the bolt 3, fastening force working on seal 
surfaces 2b and 4a does not become less than the minimum fastening force FO because 
the effective flexible volume 5 1 is set to be larger than the thickness of the thin film 5a 
of the soft metal sealing member 5 immediately after the initial fastening of the bolt 3. 
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A curve B in FIG. 2 shows the loading characteristics of the disc spring 7 when a 
constant force spring is used as the disc spring 7. In this case, fastening of the bolt 3 
becomes easy in management of the initial fastening force. When Fl > F2, it is 
possible to obtain an effective flexible volume § 2 larger than the thickness of the thin 
film 5a of the soft metal sealing member 5 immediately after the initial fastening of the 
bolt 3 by the smaller initial fastening force F2, whereby a small-sized and light-weight 
sealing apparatus can be obtained where its lid body is thin, and the diameter of a 
tightening bolt is small. 

Although in this embodiment, the disc spring is just one, a plurality of the disc 
springs 8 shown in FIG. 3 may be stuck together to have the loading characteristics 
shown in FIG. 2. In the embodiments shown in FIG. 1 and FIG. 3, an annular groove 
4b is provided with the lid body 4, however, it is obvious that the annular groove 4b may 
be provided with a casing 2. 

In accordance with the present invention, disposed between the lid body and the 
bolt is the disc spring having substantially constant rate of spring, or a constant force 
spring where the inner and outer diameter of its ring and the thickness of the disc 
spring is designed such that the effective flexible volume is larger than the thickness of 
the thin film 5a of the soft metal sealing member 5 immediately after the initial 
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fastening of the bolt 3. Thus, it is possible to maintain tightening force larger than or 
equal to the minimum tightening force even when the thickness of the thin film 5a of 
the soft metal sealing member 5 decreases to approximately 0 by plastic deformation, 
whereby it is also possible to securely maintain the airtightness of the sealing 
apparatus for a long time without the need to periodically tighten the bolt. 
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